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... and, in short order



Here I am...
brain the size
of a planet...

Marvin the paranoid android from THHGTTG.



Machines learn and adapt to human users ...



... humans change to better interact with machines.






Brain-Body-Machine
Interfaces (BMls)



Outside. Pee outside.
Seriously: pee outside!

Whee! | can pee
on carpets!






Upper-limb Prosthetics

(from cables-and-hooks to bionic bodies)



Bento Arm
& HANDiI Hand

Brenneis et al., MEC, 2017
Dawson et al., MEC, 2014

Johannes et al., 201 |

Modular Prosthetic Limb

Advanced

bionic technology
exists ...

... but there are
parriers to using It.

Function
Control
Feedback
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Direct brain-computer interfaces: study participant Jan Scheuermann
feeding herself with a robotic limb (University of Pittsburgh)
http://www.upmc.com/media/media-kit/bci/Pages/default.aspx



http://www.upmc.com/media/media-kit/bci/Pages/default.aspx

Hybrid Assistive Limb (HAL): Cyberdyne Inc,, Japan.



Rehabillitation Institute of
Chicago (RIC) research subject,
Zac Vawter at the top of
the Willis Tower in Chicago
(Photo: The Associated Press).




Principal Challenge for the
Control of Neuroprostheses

* |ncreasing number of
functions or actuator
configurations that a
user can select/control.

 The controllable
functions typically
outnumber the available
control channels



 Future assistive devices will
receive an unprecedented
density of data about a user,
their needs, and their
environment.

e This stream of data will need to
be skilltully leveraged to enable
the coordination of vast numbers

of actuators and functions.
c.f., Norbert Wiener,

o 1 948: Cybernetics: Or Control
* Prostheses are beginning to take and Communication in the

an active role in this process. Animal and the Machine.



... Mechanisms ...



Sequential (Switched) Myoelectric Control



Re-wiring the Nerves

TSR: Targeted Sensory Reinnervation

Hebert et al. 2014, IEEE-TNSRE



Re-wiring the Nerves

TSR: Targeted Sensory Reinnervation
Hebert et al., 2014, IEEE-TNSRE






DARPA HAPTIX Measures: Prosthetic User



.. Machine Learning ...



Commercially Deployed
Pattern Recognition




Adaptive Switching

Edwards et al., MEC, 2014
Edwards et al., Prosthetics Orthotics Int., 2015



Predicting the Future

Pilarski et al., 201 2, BioRob



Edwards et al., Prosthetics Orthotics Int., 2015



Autonomous Switching Edwards et al., BioRob, 2016



Manual Interactions

realized capacity

5-20 manual switches
EXPERT e
best possible:

0 manual switches
per iteration

NON-EXPERT e >‘

20-50 manual switches



Vasan, M.Sc. Thesis, 2017: Vasan et al., ICORR, 2017



Towards Smarter Parts



Pilarski Lab
Jan. 2017



Pilarski Lab
August 2016



Communicative capital: work expended to build up
knowledge about internal and external signals



Pilarski Lab, Feb. 25, 2016
(Pilarski and Sherstan, BioRob, 2016)



Human Body



Human Mind

Synthetic Body



Human Mind



Here I am...
brain the size
of a planet...

Marvin the paranoid android from THHGTTG.
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Questions

... and thank you very much
for your attention.

pilarski@Qualberta.ca

http://www.ualberta.ca/~pilarski/
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